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(SA) nae: VARIAJbT.£ VOLTAGE PROTECTION :;raUCTUKES AND METHODS FOR WAKING SAME 

1 




(57) Absti'^ 

A vanable volume prcxccdon co.nponcm ^ acconiancc "J^^j"-;- ^^^^^^^ 
a subsu^ually consume thicta«5 embedded m a ^°^'^f,;^»''^"f ""^J"^*^ 0^ clamp voluge 

auckne« for the variable voltage proiecaon component diat be attached to a compicssible ground 

°I -ri^vS :ot:?p=t vo.t.ge p...on comp... .d device. 
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VARlAiiLS VOLTAGE PRO JECTION 
STRUCTURES AND METHODS FOk MAKING SAME 



fVP-i n OF THE INVEN ' :0N 

The present invention relates generally to variable voltage protection 
devices used to protect elecuonic circuits from overvoltage transients caused by 
5 lightning, electromagnetic ^-Ises, electrostatic discharges, ground loop induced 
transients, or inductive pov; r surges. The present invention relates particularly 
to a variable voltage protection component with a substantially constant 
thickness for assembly in a variable voltage protection device. 

RACK GROUNn OF THE INVENTION 
10 Voltage transients can induce very high currents and voltages that can 

penetrate electrical devices and damage them, either causing hardware damage 
such as semiconductor burnout, or electronic upset such as transmission loss or 
loss of stored data. The voltage transients produce large voltage spikes with 
high peak currents (i.e. ovcr-voliage). The three basic over-voltage threats are 
15 electrostatic discharge, line transients, and lighming. Electrostatic discharge 

typically occurs when statu: charge dissipates off the body of a person in direct 
physical contact with an op-^rating electronic system or integrated circuit chip. 
Line transients are surges ia AC power lines. Line transients can also occur 
due to closing a switch or starting a motor. Lighming strikes can strike 
20 stationary objects, such as building, or mobile objects such as aircraft or 

missiles. Such strikes can .suddenly overload a system's electronics. At peak 
power, each of these threats is capable of destroying the sensitive structure of 

an integrated circuit chip. 

Various overvoltag protection materials have been used previously. 
These matenals are also k .own as nonlinear resistance materials and are herein 
referred to as voluge van ble material. In operation, the voluge variable 
material initially has high electrical resistance. When the circuit experiences an 
overvoltage spike, the vohage variable material quickly changes to a low 
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so that conformal coating wi,h voltage variable material of large areas and 
intricate surfaces can be achicve<i. By direcUy printing the voltage variable 
material onto a substrate, ttie voltage variable material functions as a discreet 
device or as part of the associated circuitry. 
5 It is commonly knovvi; in the art that the thickness of the voltage 

variable material and volume of the material are important to performance. See 
U.S. Patent No. 4,977,357 ii.sued to Shrier, U.S. Patent No. 4,928,199 issued 
to Diaz et al. and U.S. Patent No. 4,726,991 issued to Hyatt et al. Likewise, it 
is known that the clamp volt^ige is reduced or the voltage variable material can 
10 short out if put under pressure. See U.S. Patent No. 5.248,517 issued to Shrier 
et al. Therefore, there has been a long felt need in the art to accurately and 
cost-effectively produce a variable voltage protection component having a 
uniform thickness of voltage variable material and to prevent shorts or 
variations in the clamp volta;<t if pressure is applied to the material. In 
15 addition to these qualities, it is desirable to have the voltage variable material 
be continuous across at least one of the surfaces of the variable voltage 
protection component for universal application of the component, for example, 
across a single circuit line o. multiple circuit lines. 

U.S. Patent No. 5,262,754 (Collins) discloses an overvoltage protection 
20 element that can replace dis- reuj devices presenUy used in protecting electronic 
circuits. The overvoltage piotection element includes a layer of insulating 
material having first and sei jnd spaced major surfaces spaced a predetermined 
distance to determine the du. Ijiess of the element, a plurality of spaced holei 
extending between the m-^oc surfaces, and a overvoltage protection material 
25 contained within the holes fa nned in the layer of insulaUng material and 

extending between the spaced major surfaces. The spaced holes are formed by 
perforating the layer of iiiiulnting material by mechanical punching, laser 
processing and cutting, che.'.-ical etching, etc. The holes are formed in a 
pattern and should be wider ilian about one-half the width of the associated 
30 electrical circuit to which ih., iioles will overlay. The spacing of the holes is 
determined by the spacin- of ihe leads in the electrical circuit. 
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In accordance with another aspect of the present invenUon, a variable 
voltage protection component for placement between a system ground and an 
electronic circuit is provided comprising a reinforcing layer having a 
substantially constant thickn:ss, comprising a plurality of pieces of insulating 
material, said plurality of pi.^ces defining a plurality of voids therebetween, and 
a voltage variable material impregnating the reinforcing layer and filling the 

plurality of voids. 

In accordance with y^t another aspect of the present invention, a 
variable voltage protection oevice for use in combination with a system ground 
is provided comprising a v -iable voltage protection component, and a 
compressible conductive giound plane contacting the variable voltage protection 

component. 

In one of its methc<: aspects, a method for making a variable voltage 
protection device is provided, comprising providing a variable voltage 
protection material having reinforcing layer of substantially constant 
thickness, providing a concntctive substrate, depositing on the conductive 
substrate the variable volt^. e protection material containing the reinforcing 

layer. 

In another one of it^. method aspects, a method for making a variable 
voltage protection device i:: provided comprising providing a conductive 
substrate having a reinforcrig layer of substantially constant thickness on a 
surface of the substrate ar.ri impregnating in the reinforcing layer a variable 

voltage protection materia]. 

In yet another one ..f its method aspects, a method of making a variable 
voltage protection device provided comprising providing a compressible 
conducuve ground plane, .oviding a variable voltage protection material, ar.d 
depositing the variable vo'.._ ge protection material on the compressible 
conductive ground plane. 



FIG. 11 is an integrated circuit chip lead frame with a variable voluge 
protection component of ilie present invention installed; 

FIG. 12 is a cross-sectional view of the chip lead frame of FIG. 11 

along line 12-12; 

FIG. 13 is a discrt^t . variable voltage protection component in 

accordance with the present invention; 

FIG. 14 IS a cross -sectional view of a printed circuit board with the 
variable voltage protection -omponent of the present invention laminated in the 

printed circuit board; 

FIG. 15 is a cross- s actional view of another device utilizing the variable 

voltage protection component of the present invention to contact a 

predetermined pattern of leads; 

FIG. 16 is a cross-sectional view of an integrated circuit chip lead frame 
with a variable voltage protection component of the present invention installed 

across a die pad ground; 

FIG. 17 is a cross-sxtional view of an alternate embodiment of a 
printed circuit board utilising the variable voltage protection component of the 

present invention; and 

FIG. 18 is a cross -icctional view of another embodiment of an 
integrated circuit chip le^ict frame with a variable voltage protection component 
installed. 

nFTAIl,ED npc^rPTPTTON OF THF TNVENTIQN 
In one embodiment of the present invention (FIG. I), there is provided a 
variable voltage protection component 1 comprising a reinforcing layer 3 
embedded in the voltage vuriable material 5, or in other words the reinforcing 
layer is impregnated with .he voltage variable material. The reinforcing layer 3 
has low compressibility Liid is selected to be of predetermined thickness so that 
the variable voltage proK Ction component 1 will have a predetermined uniform 
thickness 7. By using tl-.^ reinforcing layer 3 to achieve a uniform thickness, 
repeatable electrical performance can be achieved. 
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voltage variable material across the reinforcing layer; casting; calendaring; etc. 
There should be a sufficieni amount of voltage variable material 5 filling the 
voids 13 to carry voltage spikes or cinrent which occur in an overvoltage 
condition. The voltage variable material can be continuous across the top and 
bottom surface of the variable voltage protection component so that the 
component can be univer^Uy used across variable leati patterns on a circuit 
without precision tooling. Depending on the size of the conductive particles in 
the voltape variable materia]:-, a small number of conductive particles or a large 
number may be present in the voids 13. For example, if the conductive 
particles are relatively large few particles will fit into the voids therefore more 
will be on the top surface if the variable voltage material is applied on only the 
top surface. In a like manner, more conductive panicles will be on both the 
top and bottom surface if the:, variable voltage material is applied to both the top 
and bottom surfaces. Wh^r^as if the particles are relatively small more 
particles will pass into the voids. 

In another embodiiuent, the reinforcing layer 3 is embedded in the 
voltage variable material 5 . The reinforcing layer can be imbedded in the 
voltage variable material by a variety of methods as will be appreciated by 
those of ordinary skill in u.; art such as coating a substrate with the voltage 
variable material then lamirui.ung the reinforcing layer into the wet coating; 
preparing a layer of voltar.. variable material then pressing the reinforcing layer 

into the voltage variable r.-; lerial, etc. 

The voltage variab: . characteristics of the variable voltage protection 
component 1 are determii. . .. by the voltage variable material used and the 
thickness of the compone. . The g.;ater the thickness the higher the clamp 
voltage. If a clamp volte; between about 20 to 30 volts is desired a typic-^i 
thickness 7 for the variabl voltage protection component would be .8 to 1.0 
mils. If a clamp voltage . tween about 30 to 40 volts is desired a typical 
thickness would be 1.0 tc .0 mils. If a clamp voltage between 40 to 70 volts 
is desired a typical thickn...s would be 2.0 to 3.0 mils. 
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plane 23 can be flexible (::i ch as a foil) so that it can conform to irregular 
services. 

In yet another emi, .diment, the conductive ground plane 23 is prefeiably 
compressible. With the c -npressible conductive ground plane 23, the variable 
voltage protection device 5 can be placed or compressed between an elecuical 
lead and a metal lead, sue:; as an outer cover of a connector without changing 
the thickness of the variai; ; voltage protecUon component I and thus pniventing 
shorts and ensuring relial.l : electrical characteristics and clamp voltage. The 
compressible ground pla'... 23 can be ?Jiy of a variety of materials such as 
conductive polymeric mi/., rial, conductive silicon epoxy, cured conductive 
silicone rubber, conduct]-.- primers, etc. Preferably, the compressible ground 
plane is a conductive ela:.u>mer or conducuve rubber. The compressible 
conductive ground plane . ,..n be either electrically conductive at all voltage.s or 
electrically conductive ociiy at high voltages similar to the voltage variable 
material. 

In another embod- lent, the conductive ground plane 23 has a compliant 
consistency on at least o. surface so that the variable voltage protection device 
can conform to irregulax effaces. In addition, the conductive ground piajiii can 
have at least one adhesiv urface so that the conductive ground plane v.dll 
adhere to and maintain f . ;trical contact with an electrical component surface. 
Preferably, the adhesive -Efface will have "quick stick" capability when it is 

pressed into place. 

FIGS. 4 and 5 ill . crate that the reinforcing layer 3 can be comprised of 
spacers 21 only. In FIG. the spacers 21 extend between the top surface 17 
and bottom surface 19 f. liscussed above to form a reinforcing layer of desirett 
thickness 7. The voltag, -ariable material 5 fills the voids 13 between ihe 
spacers to provided a cou inuous path between the top and bottom surface. In 
FIG. 5, the spacers 21 a. i in the same way but are smaller sized spheres which 
arc stacked on top of on., another to form the reinforcing layer of desired 
' thickness 7. The spacei. U can be of any desired shape and size and stacked 
in as many layers as desu -A to foi'n the reinforcing layer. 
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one or several system ground, in the chip earner 27 or any other appropnate 

point in the chip package. 

The vanable voltage .rotation device 25 covers a portion of each of the 
conductive leads 33 of the chip carrier 27 leaving a portion of each conducuve 
lead 33 available for wire bonding of the chip 29 with wires 31. In another 
embodiment, the conductive U^ds 33 can be wire bonded to the chip 29 and the 
variable voltage protection d.-vic. 25 is a Ud that covers chip 29 and the 

conductive leads 33. 

In one embodiment, cue variable voltage protecdon device can be formed 
on the chip carrier 27 by fir., placing the variable voltage protection component 
1 on the appropriate areas ui the conductive leads 33 and then attaching t^.e 
conducuve ground plane 2Z .... the variable voltage protection component 1. 
Then connecung the conducuve ground plane 23 to a system ground in the ch . 
carrier 27 or any other app.cpnate point in the chip package, as discussed 
above. The variable voltage, protection device 25 in the chip carrier 27 allow 
all of the inputyoutput leads .o be in conuct with the variable voltage protecti n 
component I which is in tu.a in contact with the conducuve ground plane 23. 
Therefore, any overvoltage pikes which enter the package through any 
input/output lead or conduc. ve pad can immediately pass through the vanabl. 
voltage protection compone.i 1 to the conducuve ground plane 23. The 
variable voltage protection component 1 can be connected to conductive lead. 
33 by conductive adhesive other appropriate means. In addition, the va.i. ,le 
voltage protection componenc can be stamped and heat laminated direcUy to t.. 
leads in a manner similar to tape automated bonding. 

Another application .f the variable voltage protection component 1 of 
the present invention is any of a variety of electrical connectors such as RJ 
(i e telephone), coaxial. L Sub (i.e.. multiple pin computer cable connectoi :,) . 
38999 (i.e.. aircraft). ARIb'C SCSI (small computer systems interface), pnnted 
circuit board inputyoutput c.nnectors, chip socket (pin grid arrays. PLCC). < .c. 
The variable voltage protecr.on component is essentially the same in all of tl.. 
electrical connectors excepl for the shape such as rectangular for D-Sub or 
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adhered to a printed circuii board 57 with adhesive tape 59. The variable 
voltage protection component 1 overiays any number of exposed printed circuit 
leads 61. A ground 63, such as a wire, conducUve epoxy, solder, etc. is 
connected from a designated ground lead on the printed circuit board to the 
5 conductive ground plane 23 through any of the openings 65 in the adhesive tape 
59. The opening 65 can also be one continuous slot. An overvoltage spike in 
any of the printed circuit leads can immediately pass through the variable 
voltage protection component 1 to the conductive ground plane 23, then be 
shunted off to ground. In another embodiment, the variable voltage protecUon 
10 component adheres itself w the printed circuit board, so that adhesive tai^e 59 
can be omitted. 

The variable volta.^ : protecdon component can be put into standard 
packaging components sucu as small ouUine. single-in-line packages, and dual- 
in-line packages for 
15 use in printed circuit bor. ,>s. A small ouUine package 67 (FIG. 9) is 

illustrative of each of the ..ackaging styles. The small outline package 67 is 
comprised of multiple pi..: 69 with the variable voltage protection component I 
.- connecting each of the pir. . A common conductive ground plane 23 contacts 
the variable voltage protr . aon component 1. A ground pin 71 is connected to 
20 conductive ground plane '.'i by connection 73. Standard connecting techniques 
such as wire bonding, so....nng. or conductive epoxy can be used for 
connection 73. To protrc: tiie device a protective covering such as epoxy or 
standard molding compound can be used to mold around the device to seal the 
pin-variable voltage protection component-conductive ground plane interfaces to 

25 protect the device. 

The small ouUine package 67 is attached in parallel to a printed circuit 

on a printed circuit boards to provide overvoltage protection to the circuit. In 
the absence of an overvoltage situation, the small outline package 67 sits 
, passively, not affecting the printed circuit. However, if an overvoluge is 
30 present the variable voltage protection component 1 conducts the spike to the 
system ground through the conductive ground plane 23 and ground pin 71. 
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conductive ground plane 23 is attached to the variable voltage protection 
component 1. Each of the ground pins 71 is then attached to the conductive 
ground plane 23 by connec ion 73. For making device 68, the ground leads are 
not attached to the ground plane 23. After packaging, each of the lead sets 81 
are diced out of the lead frame 75 for forming into the standard packages 
Ulustratfid in RGS. 9 and 9/v. The lead frame 75 shown in FIG. 10 has eight 
leads per lead set 81, however, the lead frame can have any number of desired 
leads. 

It is contemplated that the steps just described can be done in differing 
order, such as the variable voltage protection component I can be applied to the 
conductive ground plane 23 and die stamped-out before being attached to the 
lead sets (or die pads) 81. Or the conductive ground plane 23 can be connected 
to the ground pin 71 after the lead sets have been diced from the lead frame 75. 
In another embodiment, the method of making the packaged devices can 
15 be a fully automated process, such as a spraying, rolling, laminating, or 

extruding process, in whicls the lead frames are continuous with multiple lead 
frame pins 69 perpendicular to the feed rails 77 and the variable voltage 
protection component 1 is applied to the lead frames. For example, the 
variable voltage protection component 1 and conductive ground plane 23 can be 
20 in continuous tapes that an- laminated to the continuous lead frames. Then the 
assembled components can be divi led into a predetermined number of leads. 
For the device illustrated i ^ FIG. 9, one lead can be selected as the ground pin 
and connected to the conductive ground plane. 

In other eihbodimerus, the lead frame 75 can be a conductive substrat.; 
25 having a predetermined pattern matching the leads on a printed circuit board or 
the conducUve substrate can b« a c:.ntinuous sheet that is photo^tched to for.n 
a predetermined pattern to match ne leads on a printed circuit board or an 
integrated circuit. Then the photo-etched areas are filled with voltage variab:^ 
material. 

30 - FIG. 11 shows another application of the present invention, wherein uit 
variable voltage protection device 25 can be used in tape form on an integral, i 



BNSDOCID: <WO 36Q:^022A2\> 



10 



-19- 

A discrete surface mount device 87 is shown in FIG. 13. The device 87 
comprises a composite of variable voltage protection component 1 san.'wiched 
between two conductive ground plaiies 23, and two outer conductive U.yers 89 
for surface mouniini:. the device 87. The layers of the composite ; an L . 
assembled using a laminating or coating process. A protecUve co-.ting of epoxy 
.can be applied (such as by painting) to the device 87 to protect Ui.. va^: ible 

voltage protection a)mponent 1. 

In FIG. 14, the variable voltage protection device 25 is I2 tina! i into a 
printed circuit board 91 having signal leads 93. The variable volt .ge ote<:tion 
component 1 is applied to or around the signal leads 93. Uyers '.5 0.. either 
side of the variable voltage protection device 25 and signal leads 13 n . ke up 
the printed circuit board. The conductive ground plane 23 is attached •» a 
system ground. If a signal lead experiences an overvoltage situation, :t 
variable voltage protection component 1 conducts the spike to the com .ictive 
15 ground plane 23 which shunts it off to the system ground. 

In another embodiment, the variable voltage protection co.npo. ^nt 1 can 
be utilized in a printed circuit board 91 using the vias or through . .ok. 1 1 1 in 
the printed circuit board (FIG. 17). The vias 111 can be lined v, :h v -iable 
voltage protection component I that contacts a ground plane 23, nd i ^ signal 
20 leads 93 in the printed circuit board. It is important that the grotrid j ane 23 
terminates at the variable voltage protecUon component 1. It is i iso i^.-portant 
that the signal leads 93 extend through the variable voltage prote. .;ion 
component 1 to contact a layer of conductive material 113, such ..s s^^ider, 
which overiays the variable voltage protection component 1. In his v^y, when 
25 a pin (not shown) is inserted in via 1 1 1 the pin is in electrical cc.nmunication 
with signal lead 93. If signal lead 93 experiences an overvoltage siturion. the 
variable voltage protecUon component 1 conducts the spike to ground ulane 23 
which shunts the spike off to system ground. 

HG. 15 shows a device 97 utilizing the variable voltage protft uon 
30 component 1 to contact a predetermined pattern of signal leads 99 aiicJ ground 
leads 101. A conducuvd strip 103 has a pattern of conductive bumps 105. 
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1. A variable voltage protection component for placement betWf en a 
ground and an electrordc circuit comprising: 

a voltage variable material; and characterized by 
5 a reinforcing layer liaving a substantially constant thickness . mbedded in 

the variable voltage material. 

2. The variable voltage protection component of Claim I whert^in the 
reinforcing layer comprises a fibrous mat. 

3. The variable voltage protection component of Claim 1 where in the 
IQ reinforcing layer comprises non-woven pieces of insulating i. material. 

4. The variable voltage protection component of Claim 3 wherein the non 
woven pieces of insulating material comprise uniformly size-' balls. 

5. The variable voltagt^ protection component of Claim 1 whtr; in the 
reinforcing layer comprises an insulating material in the fon j of a 

15 porous synthetic resin polymer tape or in the form of fibers or pieces of 

polypropylene, glass, aromatic polyamide, polyester, thermoplastic 
polymer, thermosetting polymer, epoxy. or ceramic. 

6. The variable voltag,^ protection component of Claim 1 whsi in the 
voltage variable material further comprises insulating spacer, to provide 

20 precise thickness dimensions for the variable voltage protec^on 

component. 

7. A variable voltage protection component for placement beuveen a 
ground and an electronic circuit comprising: 

a reinforcing layer having a substantially constant thickness comprising: 
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Tlie variable voltagr protection device of Claim 13 wherein the 
compressible conductive ground plane comprises a conductive polymeric 

material. 

The variable voltage protection device of Claim 13 wherein .he 
compressible conductive ground plane comprises a conducti\ j elastomer 
or conductive rubber. 

The variable voluge protection device of Claim 14 wherein :ae 
conductive polymeric material comprises at least one compliant surface 
such that the conductive ground plane can conform to aixl fc/itn 
electrical contact with iiTegular surfaces when placed under 
compression. 

The variable voltage protection device of Claim 15 wherein tht 
conductive elastomer or conductive rubber comprises at least one 
compliant surface such that the conductive ground plane can conform to 
and form electrical contact widi irregular surfaces when placjd under 
compression. 

llic variable voltage protection device of Claim 14 whc jJo :iie 
conductive polymeric material comprises an adhesive si„ :aci: xvhereby 
the conductive ground plane will adhere to and maintai:i. J.tt ical 
contact with an electrical component surface. 

The variable voltage protection device of Claim 15 wherein hfi 
conductive elastomer or conductive rubber comprises an adli i;ive 
surface whereby the conductive ground plane will adhere to ad 
maintain electrical contact with an elecuical component surf ce. 



A method of making a variable voltage protection device coi.iprising: 

providing a compressible conductive ground plane; 

providing a variable voltage protection material; and 

depositing the variable voltage protection material on the cor ipressible 

conductive ground plane. 

The method of Claim 25 wherein the variable voltage protection material 
comprises a reinforcing layer. 

The method of Claim 25 wherein the compressible conductive ground 
plane comprises a reinforcing layer on a surface thereof and the variable 
voltage protection material is applied to and impregnated in the 
reinforcing layer. 
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FIGU4 
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The variable voltage protection device of Claim 13 further comprising 
an electrical connector having at least one lead and a ground; further 
characceri2ed by said voluige variable material contacting said at least 
one lead and said compressible conductive ground plane being in 
electrical communication with said ground. 

A method for making a variable voltage protection device, comprising: 
providing a variable voltage protection material having a. reinforcing 
layer of substantially consf -nt thickness; 
providing a conductive substrate; and 

depositing on the conductive substrate the variable voltage protection 
material containing the reL; forcing layer. 

The method of Claim 21 v/lierein the variable voltage protection material 
is applied to the conductive substrate by spray, roller or spin coating, by 
lamination or by extrusion. 

A method for making a vai -able voltage protection device comprising: 
providing a conductive substrate having a reinforcing layer of 
substantially constant thickness on a surface of the substrate; and 
impregnating in the reinforcing layer a variable voltage protection 
material. 

The method of Claim 23 wherein the variable voltage protection material 
is applied to the conductive substrate by spray, roller or spin coating, by 
lamination or by extrusion. 



a plurality of pieces of insulating material, said plurality of pieces 
defining a plurality of voids therebetween; and characterized by 
a voltage variable material impregnating the reinforcing layer and filling 
the plurality of voids. 

The variable voltage protection component of Claim 7 wherein the 
reinforcing layer comprises a fibrous mat. 

The variable voltage protection component of Claim 7 wherein the 
reinforcing layer comprises non- woven pieces- of insulating material. 

The variable voltage protection component of Claim 9 wherein the non- 
woven pieces of insulating material comprise uniformly sized balls. 

The variable voltage protection component of Claim 7 wherein the 
reinforcing layer comprises an insulating material in the form of a 
porous synthetic resin polymer tape or in the form of fibers or pieces of 
polypropylene, glass, aromatic polyamide, polyester, thermoplastic 
polymer, thermosetting polymer, epoxy, or ceramic. 

The variable voltage protection component of Claim 7 wherein tlie 
voltage variable material further comprises insulating spacers to provide 
precise thickness dimensions for the variable voltage protection 
component. 

A variable voltage protection device for placement between a ground 

and an electronic circuit comprising: 

a variable voltage protection component; and 

a ground plane contacting the variable voltage protection component; 
characterized by the ground plane being a compressible conductive 
material. 
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which are etc. stamped or machined to match a predetermined pattern of 
ground leads !01. The variable voltage protection component 1 is placed 
between the conductive bumps 105 is flattened off to be even with the 
conductive bumps 105. A layer 107 of conductive material, such as conductive 
epoxy or conductive adhesive, is applied to the conductive bumps 105 and 
variable voltage protection component 1 to match the predetermined pattern of 
signal leads 99 and ground leads 101. When one of the signal leads 99 
experiences an overvoltage spike, the variable voltage protection component 
conducts the spike to the conductive strip 103. Then the spike is conducted 
through the layer 107 of conductive material to the ground leads 101. In 
addition, layer 107 of the device 97 can be omitted and the variable voltage 
protection component 1 can be adhered directly to the leads. 

The foregoing has described the principles, preferred embodiments and 
modes of operation of the present invention. However, the invention should 
not be construed as being limited to the particular embodiments discussed. 
Thus, the above-described embodiments should be regarded as illustrative rather 
than restrictive, and it should be appreciated that variations may be made in 
those embodiments by workers skilled in the art without departing from the 
scope of the present invention as defined by the following claims. 
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circuit chip lead frame 83. The integrated circuit chip lead frame has a 
Plurality of leads 85 connecte^i to an integrated circuit chip 29 and for 
connecting to a printed circuit board or multiple chip module. As can be seen 
in FIG. 12, the variable volLnge protection device 25, comprising variable 
voltage protection component I and conductive ground plane 23, is "taped" 
across the plurality of leads 85. The leads 85 are connected to the chip 29 by 
wires 31. Each strip of condr. Uve ground plane 23 can be attached to a system 
ground when the integrated ci niit chip lead frame 83 is attached to a printed 
circuit board or multiple chip .aodule. 

In another embodiment utilizing the integrated circuit chip lead frame 
83, the variable voltage protection component can be applied across the leads 
85 and die pad ground 109 on he bottom of the integrated circuit chip lead 
frame 83 (FIG. 16). The die ^ td ground 109 is connected to system ground 
when the integrated circuit chif lead frame 83 is attached to a printed circuit 
board or multiple chip module In this way, when one of leads 85 experiences 
a voltage spike, the variable vc 'tage protection component 1 conducts the spike 
laterally through the variable voltage protection component to the die pad 
ground 109 to protect, chip 29. Optionally, ground plane 23 can be added for 
better performance by the variable voltage protection device. With the ground 
plane 23 attached, when one of leads 85 experiences a voltage spike, the 
variable voltage protection component 1 conducts the spike to ground plane 23 
then to the die pad ground 109. 

In yet another embodiment udlizing an integrated circuit chip lead frame 
wire bonded by wires 31 to chip 29. the variable voltage protection component 
can be applied between the lead:^ 85 and die pad ground 109 (FIG. 18). The die 
pad ground 109 is connected to ::ystem ground when the integrated circuit chip 
lead frame is attached to a printed circuit board or multiple chips module. 
When any of the leads 85 experiences a voltage spike, the variable voltage 
protection component 1 conduct., the spike to the system ground through die 
pad ground 109. 
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Figure 9A shows a devi. e 68 similar to the small outline package 67. 
but can be any standard pack lining component as discussed above. The device 
68 is comprised of multiple ij.p„t leads 70 on one side of the device and 
multiple ground leads 72 opp-.^i.e of the input leads 70. Variable voltage 
protection component 1 connrcu the input leads 70 to the ground leads 72. A 
common conductive ground p!:...:- 23 contacts the variable voltage protection 
component 1. As with the de/ice shown in FIG.9. the device 68 can be 
covered with a protective covering such as epoxy or standard molding 
compound. 

The device 68 is attached to a printed circuit in parallel the same as the 
small outline package 67 discu. , d above. In the absence of an ove^^'okage 
situation, the device 68 sits p?-:.^;. /ely. However, if an overvoltage is present in 
any of the input leads 70 the v. . sble voltage protection component 1 ccaducts 
the spike to the common grou." plane 23 then to the system ground frora the 
common ground plane 23 Ll^u-o ;v any or all of the ground leads 72. 

As illustrated in FIG. IJ, any of the packaged components can be 
produced in a discrete, senu-aiaomated or fully automated assembly process 
using a discrete lead frame (typically about 7 inches in length with 40 lead sets 
or die pads) or a continuous red lead frame 75. The lead frame acts as a 
conductive substrate. In Oiie embodiment, the lead frame 75 has feed rails 77 
with guide holes 79 for alip.ning and feeding the lead frame through the 
manufacmring process. Oiiier alining and feeding means, as are known by 
one of ordinary skill in the an, c:. n be used such as stationary guide rails 
abutting the side of the feeu rzus 77 and friction wheels pulling or pushing the 
lead frames through the process. 

In one embodiment, the -udable voltage protection component 1 is 
deposited on the lead frame 75. . v thin insulating primer can be applied to the 
lead frame to help the variable voiuge protection component adhere to the lead 
frame, or the variable voltage pro: xtion component can be bonded to the lead 
frame by lamination, conduriivc i. Ihesives. conductive epoxy, pressure, 
temperamre, spraying. roUijig, :>pu: coating, molding, extruding, etc. Then the 
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circular for 38999 connectors, fn each connector the design will be the same in 
that there will be a variable voltage protection component in electrical 
communication with a connector pin on one surface, and in contact with a 
ground or a conductor that gc-s fo system ground on another surface. 
Therefore, only the RJ conne^to will be described for illustrative purposes. 

The variable voltage prot, ,:tion component 1 can be used with 
conductive ground plant 23 to form a variable voltage protection device 25 to 
be used in an RJ electrical count- ;tor 35 (FIG. 7). The RJ electrical connector 
35 is comprised of insulatnig h.) ^ing 37 having a mating connector opening 39 
for receiving a mating conaector. such as a telephone jack. The insulating 
housing 37 also has a variable voimge protection device slot 41 for receiving 
the variable voltage protection device 25. In the variable voltage protection 
device slot 41 is a plurality of electrical leads 43. The variable voltage 
protection device 25 is placed in the variable voltage protection device slot 41 
with the variable voltage p.ote-tion component I contacting the electrical leads 
43. Forward end 47 of elo-tricl connector housing 45 is inserted in receiving 
slot 49 and pushed forward until housing cover 51 is located over the variable 
voltage protecuon device 2:^ aj;.-! guide 53 is fully inserted in guide slot 55. 
The housing cover 51 can be b^^^sed in toward conductive ground plane 23 so 
that good electrical contact is u -ide. Preferably, conductive ground plane 23 is 
compressible to prevent prtssui being transmitted to the overvoltage protection 
component 1, thus preventing i,;,orts or variations in the clamp voltage. Any 
overvoltage spikes which enter ihe electrical connector 35 through any of the 
leads 43 can immediately p .ss through the variable voltage protection 
component 1 to the conductive ground plane 23, then to the connector housing 
45 through housing cover 51 to be shimted off to ground. 

In another application, the variable voltage protection component 1 can 
be used as webbing, tape, ?. \zbel, or a film (FIG. 8) which can be custom cut 
to desired lengths for apply: to uneven and irregular surfaces, such as on 
printed circuit boards. The variable voltage protection device comprised of the 
variable voltage protection component 1 and conductive ground plane 23 can be 
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The voltage v'jriable material 5 used in accordance with the present 
invention can be any voltage variable material known in the art, for example 
tliose disclosed in eitJicr U.S. Patent No. 4,977,357 (Shrier) or U.S. Patent No 
4,726,991 (Hyatt et al.), which are incorporated herein by reference. 
Generally, the voltage variable material comprises a binder and closely spaced 
conductive particles homogeneously distributed in the binder and spaced to 
provide electrical conduction. In addition, various material such as that 
disclosed in U.S. Patent No. 4,103,274 (Burgess et al.) can be used in 
accordance with the present invention. 

Preferably, however, the voltage variable material 5 can be a voltage 
variable thick film paste typically comprised of 50% solvent and 50% solids 
coating, the solid phase of which is comprised of 38% by weight (30% by 
volume) of conductors such as 10 micron aluminum, 3.5% by weight (3.4 % 
by volume) silica coating for the conductors, and 58.5% by weight (66.6% by 
volume) of reinforced flr.oro-silicone polymer whose dielectric breakdown 
strength has been modifh.d through the addition of antioxidants and stabilizers 
such as specifically sized aluminum oxide. The size of the aluminum oxide can 
range from 0.01 to 5 microns. The voltage variable material can also be a 
solid which is laminated to the reinforcing mat. The voltage variable material 
can also be prepared as (iisclosed iu commonly assigned U.S. Patent 
Application Serial No. 08/275,154 filed on 14 July 1994. 

The variable voltii^e protection component 1 of the present invention can 
be used in a variety of ap;)lication^ For example, the variable voltage 
protection component 1 can be used with a conductive ground plane 23 to form 
a variable voltage protection device 25 to be used in an integrated circuit chip 
carrier 27 (FIG. 6). The integrate:- circuit chip carrier 27 contains integrated 
circuit chip 29. The conductive inputyoutput pads (not shown) of chip 29 are 
typically wire bonded by vvires 31 to conductive leads 33 in the chip carrier 27. 
The variable voltage prottction component 1 contacts the conductive leads 33 of 
the chip carrier 27 and the conductive ground plane 23 is typically grounded to 
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FIG. 3 ilL.Jtrates that insulating spacers 21 such as ceramic or glass 
spheres can be added to tiie r.-inforcing layer 3 (mat or non-woven mat) to 
more accurately controi ti:e tluckness 7. The spacers 21 e^ctend between the top 
surface 17 and bottom surface 19. If a compressive force is applied to the 
variable voltags protecdoi. component the spacers 21 will act as supports and 
prevent the voltage variable material from being compressed, thus preventing 
shorts or reductions in the chvmp voltage. In particular, th.^: resistance to 
pressure is important during p.ocessing at the curing tempei-ature. The spacers 
21 can be any predetern.iiied ze as dictated by the charactcirisUcs (i.e., the 
clamp voltage, etc.) desir-d f.u- the variable voltage protection component. For 
example, if a I mil thick vari:;;>le voltage protection component is desired then 
the spacers should be 0.9 to IJ. mils, and preferably 1 mil. In general, the 
spacers for most desirable voh-e variable protection components are between 
0.2 to 10 mils in width. It is contemplated that the spacer- can be other shapes 
other than spherical. The .izx'; aiul shape of the spacers is also dependent on the 
size of the metal particles in the voltage variable material. 

FIG. 3 further illust.rzucs that the variable voltage protection component 
1 can be attach -'i to a conoucdve ground plane 23 to form . variable voltage 
protection devi- - 25. The variable voltage protection companent can be 
attached to the ground plar.e ?3 by conducuve adhesives, cvnductive primers, 
non-conductive primers, direc' :>onding, etc. In addition, t:..i variable voltage 
protection component 1 cai; bo attached to the ground plane 23 by processes 
such as spraying, rolling, syin coating, laminating, molding or extruding. For 
example, the auiductive ground plane 23 can be a predetermined length and the 
variable voltage protection component 1 can be laminated to the ground plane 
23 or the variable voltage i-MCfcction component 1 and the ground plane 23 can 
be continuous reels and co.abiiied in an extrusion or laminauon process. 

The conductive gro 'wd plane 23 can be any of a vari.ity of electrically 
conductive materials know, to one of ordinary skill in the art such as copper, 
nickel plated copper, brass, beryllium copper, etc. The conductive ground 
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Preferably, the x- inforcing layer 3 is a low compressibility fabnc which 
has a low coefficient of iiiermal expansion and a low did, ctric constant. The 
reinforcing layer 3 can b, any of a number of insulaUng materials including, 
but not limited to, a poiCiS polymer support material such as referred to in 
5 U.S. Patent No. 4,950,.i 6 (uubrow et al.) and disclosed in U.S. Patent 

Application Serial No. Vi 1 ,1 19 filed March 12, 1985, (equivalent disclosure 
published as European Pi.isni A-, plication EP 194872 on n.jptember 17, 1986), 
porous synthetic resin pc;'.ymer t im; such as that sold under the trademark 
"TEFLON" (manufactun ■ by E.I. du Pont de Nemours &. Co., Wilmington, 
10 Delaware), polypropylene . glass, aromatic polyamide such as that sold under 
the trademark "KEVLAll (manufactured by E.I. du Pont ..1e Nemours & Co., 
Wilmington, Delaware), i ilyester, thermoplastic polymer, thermosftting 
polymer, epoxy, and cen .-iic. The reinforcing layer 3 ca.. be comprised of 
fibrous pieces of insulatir./ marerial 9 forming a mat as shown in FIG. 1 or 
15 particulate pieces of insu?. nn- material 1 1 forming a non- .'oven mat as shown 
in FIG. 2. The non-wov i n^at can be comprised of random paiticulatt pieces 
pressed or bonded togeth to form a sheet. I'lie pieces can be pressed :<iid 
align&:l so as to be all sui. .taniially horizontal. Further, Uij non-woven mat can 
be tlie woven fibers of th . ma shown in FIG. 1 broken, or or chopped into 
smaller pieces. In additi',.:, Ui,; fibers or pieces of insulating material c::n i>e 
coata! with a metal coatJh; piovided that they are distribut^id so as to not create 
a shon or can be metal p cici.:s coated with insulating materials. 

The reinforcing lay-.r 3 includes a number of voids or spaces 13 between 
the pieces 9 of insulating suatciial in the mat (or pieces 11 in the non-woven 
25 mat) cimprising the reinf. cin- layer. In one embodiment, the voltage variable 
material 5 impregnates th reijiforcing layer 3 so that there is a continuous path 
15 of voltage variable ma. ri? from the top surface 17 to t'le bottom surface 19 
(FIG. ?). The reinforcing layer 3 can be impregnated with the voltage variable 
material by a variety of rr. .thods as will be appreciated by one of ordinary skill 
30 in the art such as: dippin- the reinforcing layer in voltage variable material 

then squeezing the reinfon ing layer between two rollers; painting or pasting the 
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BRIEF DRSCR IPTION OF THE DRAW ifsinc; 
Many objects and advaiii ^ges of the present invention will be apparent to 
those of ordinary skill in the art when this specification is read in conjunction 
with the attached drawings. Th.. invention will now be dercribed with 
reference to the accompanying i rawings wherein like reference numerals are 
applied to like elements and wh,;rein; 

FIG. I is a partia.1 crosy-^ectional perspective view of one embodiment 
of d^e variable voltage protection component with a center portion removed to 
show the reinforcing layer is a woven glass mat; 

FIG. 2 is a cross- sectional view of anoth.-r embodiment of the present 
invention wherein the reinforcing layer is nonnvoven glass mat; 

FIG. 3 is a cross- sectional view of another embodiment of the present 
invention mounted on a conductive ground plane: wherein Uie reinforcing layer 
is non-woven glass mat with spacers; 

FIG. 4 is a cross-sectional view of yet a. other embodiment of the 
present invention wherein the reinforcing layer : sized spacers; 

FIG. 5 is a cross-sectional view of die v. dable voltage protection 
component of FIG. 4 with smaller sized spacers.; 

FIG. 6 is a perspective view of an integr: ted circuit chip carrier unlizing 
the present invention; 

FIG. 7 is a perspecdve view of a telephone connector utilizing the 
present invention; 

FIG. 8 is a partial cross-secdonal perspecrive view of the present 
invention installed on the ^dge of a printed circuit board; 

FIG. 9 is a p>erspecdve view of a standard, packaged variable voltage 
protection device in accorr^ance with the present invention; 

FIG. 9A is a cross- sectional view of anoii^er embodiment of a standard 
packaged variable voltage t)rotection device in accordance with the present 
invention; 

FIG. 10 is a perspt.nive view of a lead frame for producing variable 
voltage protection devices; 
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The above U.S. P::ten!$ ieferred to are incorporated herein by reference. 

Although the prior axi dii^closes various materials and devices, there is a 
continuing and long felt n ^xi to provide improved cost-effective voltage 
variable materials and devices o more consistent j)erformance properties to 
prevent variations in the um :; 'oltage under various conditions in which the 
materials and devices arc ! \ J t 

SIl: Y OF THE INVENTION 

The present invenilon \n\ vides a variable voltage protection component 
for use in a variable volt^i-e pro action device, more particularly a variable 
voltage proteciion compo.: int v/i h an accurately controlled uniform thickness of 
voltage variable! materia.) i.iat is . ^sistant to pressure applied to the component. 
The present invention al: . ouvi ies a variable voltage protection device 
comprising the variable / jlta; rotection component attached to a 
compressible conductive • ioi .kI jiane that is flexible so that the device v^dll 
confonn to irregular sun: xs, 

A variable voltage- protec ion component in accordance with this 
invention com[)rises a reii J'orcin layer of insulating material having a 
substandally constant thic jiess iuipregnated with a voltage variable material. 
With this configuration, * j reinforcing layer defines a uniform thickness for 
the variable voltage pro!:, doa component that is resistant to compressive forces 
that may causi*. a reducti , /: i?, the clamp voltage or a short in the voltage 
variable material. In ad: /\:oh, the voltage variable material can be continuous 
across at least one surfac of the; 'ariable voltage protection component for 
universal application to electionl circuits. 

In accordance wio oi* ispect of the present invention, a variable 
voltage protection comp<M!eiv. for placement between a system ground and an 
electronic circuit is provi comprising a voltage variable material, and a 
reinforcing layer having a substantially constant thickness embedded in the 
variable voltai^.e material. 
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electrical resistance statf: -n order to short the overvoltage tc i ground. After 
the overvoltage has pasi 1, the material immediately revens back to a high 
electiicaJ resistance stat:,. TTie key operational parameters of the voltage 
variable material are the response time, the clamp voltage, and the voltage 
peak. The time it takes • jr the voltage variable material to switch from 
insulating to conducting k; the response time. The voltage at which the voltage 
variable material limits th j voltage surge is called the clamp voltage. In other 
words, after the material ..v/itches to conducting, the material ensures that the 
integrated circuit chip, fui example, will not be subjected to a voltage greater 
than the clamp voltage, '' he voltage at which the voltage variable material will 
switch (under surge conditions) from insulating to conducting is the switch 
voltage. These materials typically comprise finely divided particles dispersed in 
an organic resin or insulating medium. For example, U.S. Patent No. 
4,977,357 (Shrier) and U.S. Patent No. 4,726,991 (Hyatt et al.) disclose such 
materials. 

Voltage variable materials and components containing voltage variable 
materials have been incoiporated into overvoltage protection devices in a 
number of ways. For example, U.S. Patent No. 5.142,263 and 5,189,387 
(both issued to Childers cx al.) disclose a surface mount device which includes a 
pair of conductive shttis and voltage variable material disposed between the 
pair of conductive sheet;^. U.S. Patent No. 4,928,199 (Diaz et al.) discloses an 
intti^rated circuit chip package which comprises a lead frame, an integrated 
circuit chip protected by ?n electrode cover which is connected to ground on 
one side, and a variable v >itage sv/itching device including the voltage variable 
material connected to the electrode cover on the other side. U.S. Patent No. 
5,246,388 (Collins et al.) is directed to a device having a first set of electrical 
contacts that interconnect vith signal contacts of an electrical connector, a 
second set of contacts th; l connect to a ground, and a rigid plastic housing 
holding the first and second set of contacts so that there is a precise spacing gap 
to be filled with the ovei . jltage material. U.S. Patent No. 5,248,517 (Shrier et 
al.) discloses painting or j^rinting the voltage variable material onto a substrate 
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